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Abstract: We have measured the temporal contrast and performance of oscillators to determine
their feasibility for future ultra-high-contrast experiments on the Advanced Radiographic

Capability at the National Ignition Facility.
OCIS codes: (120.3940) Metrology, (140.790) Ultrafast Lasers

Oscillators with high pulse contrast are of interest for energetic laser systems such as the Advanced Radiographic
Capability (ARC) [1] at the National Ignition Facility (NIF) [2]. The ARC system will implement chirped pulse
amplification (CPA) in a quad of NIF beamlines to produce eight petawatt-class, 3.2-13.6 kJ, short pulse (1-50 ps)
laser beams. The ARC laser system is designed for generating high yields of 70-100 keV x-rays by focusing these
beams onto targets with intensities of >10'® W/cm? and will operate at a center wavelength suitable for seeding the
NIF Nd:glass amplifiers (1053 nm). A high temporal Strehl ratio and contrast are required to achieve these
intensities given the unique focusing geometry of ARC (F;>25). Pulse cleaning methods such as saturable
absorption, XPW and similar techniques that rely on double CPA schemes[3] add complexity and loss to the laser
system. It is desirable to start with, and maintain, a high signal-to-noise ratio throughout the system. Therefore, we
have evaluated several different commercially available short-pulse oscillators that are based on different mode
locking techniques, and directly measured the temporal contrast. Meeting ARC’s demanding temporal pre-pulse
power requirement (>80dB pre-pulse power contrast at the system output) necessitates a front-end with a power
contrast of >83-85dB. Future experiments with ARC may require 100 dB or greater power contrast [4]. To qualify a
laser source to this level, we require a measurement dynamic range of >90 dB. This is challenging due to the limited
amount of energy typically available from mode-locked oscillators (~nJ). While several temporal contrast
measurements of modelocked Ti:sapphire oscillators have been carried out [5-9], there is only a limited amount of
published data on oscillators suitable for seeding Nd:glass amplifiers.

To make a direct measurement of the temporal contrast, we employed a SHG scanning autocorrelator with a
photomultiplier tube (PMT) detector, paying careful attention to linearity. Optical noise sources such as scatter in
the SHG crystal (BBO) and 1w light were minimized, and non-optical noise sources were mitigated using a lock-in
amplifier with a 13-bit A/D converter and a low noise detector (PMT) with a feedback regulated control voltage.
Using these techniques we have achieved a dynamic range of up to 100 dB. Figure 1a depicts the temporal contrast
measurement of two different SESAM mode locked, commercial oscillators producing energies of a few nJ. The
amplified spontaneous emission (ASE) noise level of each oscillator was measured to be at 77.5 dB and 87.5 dB.
The noise limit was measured by blocking either arm of the autocorrelator during the scan. A scan of + 300 ps
duration (Figure 1b) shows reflections from both optics in the oscillator and measurement setup.
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Figure 1: a) High-contrast second order autocorrelation scan of a two SESAM mode locked oscillators. The ASE noise level
for the two lasers are measured to be 77.5 dB and 87.5 dB. The asymmetric dip in the red trace at 4ps corresponds to a
measurement of the noise level of the autocorrelator (100 dB). The inset graphs show autocorrelation scans with a range of +
300 ps (b) and a linear scale with a fit (c) for one of the oscillators.

We have carried out precision characterization of a variety of sources for seeding short-pulse high energy petawatt
laser systems like ARC. We will report on the temporal characteristics and performance of several oscillators, both
commercially available and those developed at LLNL, evaluating their suitability as sources for future ultra-high-
contrast laser systems.

This work was performed under the auspices of the U.S. Department of Energy (DOE) by Lawrence Livermore
National Laboratory under contract DE-AC52-07NA27344.
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